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This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of
their employees, makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government or any agency
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Introduction

Approximately 80 commercially available fluorescent organic compounds
were studied as dopants in a polystyrene matrix for possible use in wavelength
shifting (WLS) fibers. The goal was to find a new green-emitting WLS fiber
which would outperform in light yield and decay time the currently avail-
able fiber doped with K-27. Therefore the fluorescent compounds of inter-
est should exhibit the following speciroscopic characteristics in polystyrene:
Aabs=400-450 nm, A.n=450-550 nm, r=3-7 ns (r=12 ns for K-27), and
quantum efficiency of minimum 0.7 (K-27 baseline). For further details on
the range and properties of the compounds studied refer to “Final Results
from the SDC Dopant Search for New Green Wavelength Shifting (WLS)
Fibers”, FERMILAB-TM-1873.

Polystyrene samples doped with different fluorescent compounds were
prepared and characterized. Of all the compounds tested, only a series of
coumarins exhibited the spectroscopic characteristics of interest. Radiation
damage studies had to be performed on these samples in order to conclusively
determine if they were better candidates than K-27 for green WLS fibers.

All samples except those showing opacity or deep coloration were irre-
diated. They were, however, separated in two sets. Radiation damage set
No. 20 (RD20) was mainly formed by the coumarin derivatives. Radiation
damage set No. 22 (RD22) was based on the remaining samples. The irra-
diations were performed at the Phoenix Memorial Laboratory {University
of Michigan) using a %°Co source. Both sets were exposed to a total dose
of 10 Mrad in air, at a dose rate of 1.8 Mrad/h. Transmittance measure-
ments were recorded before and after irradiation, and after annealing. After
irradiation, the samples were annealed in oxygen to accelerate the recovery
process. Although the samples were irradiated in air, they still underwent
annealing in oxygen atmosphere because the dose rate had been high enough
for the oxygen diffusion rate to be smaller than its consumption rate during
irradiation. The final results are similar to those of an irradiation under inert
atmosphere, with the exception of the formation of oxidation products on the
surface of the samples.

Transmittance spectra were recorded with a Hewlett-Packard model
8451A diode array spectrophotometer. All transmittance measurements used
undoped and unirradiated polystyrene as the reference. The transmiitance



plots presented here observe the formal separation of the two sets, RD20
and RD22. The data for RD20 has been arranged in two plots for each
dopant. The first plot shows the transmittance spectra before irradiation
and after annealing. The second plot includes the transmittance spectra be-
fore irradiation plus two transmittance spectra recorded while the sample
was annealing. For RD22, the data is shown in one single plot containing
three measurements: one before irradiation, one after irradiation, and one
after annealing in oxygen.

The RD20 data indicates that the performance under irradiation of the
coumarins is significantly inferior to that of K-27. The losses in transmission
of the coumarins are larger than those of K-27.

We wish to thank R. Blackburn of the Phoenix Memorial Laboratory of
the University of Michigan for performing all sample irradiations. We wish
to extend our appreciation to the members of the Particle Detector Group;
in particular, Monica Szelag who plotted and organized the data presented
in this document.



PART 1
RADIATION DAMAGE SET #20
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